Introduction
Another advantageof the formulation is that the degreesof freedomof the beamcomponent embody both the rigid and flexible deformation motions. The task for incorporating the multibody systemconstraints becomesstraightforward, and the equations of motion for an arbitrary configuration of flexible beams and rigid bodies can automatically be generated in terms of an identical set of physical coordinates. Numerical solution procedures for the integration of spatial kinematic systemscan then be directly applied to these physical coordinates. Sucha universal treatment is not applicablewithin the context of the floating frame approach as the referenceand elastic coordinate definitions are of highly different character.
The rest of the paper will be organized as follows. Section2 will detail the kinematic description of the continuum beam in which the total motion is referred directly to the inertial reference frame. The principle of virtual work of a continuum as specialized to the spatial motion of the beam component is detailed in Section 3. The subsequentfinite element discretization of the beam component and overall multibody systemequations are then presented. Section 4 will summarize the staggeredprocedure for the integration of multibody dynamic systems. The virtual work expressionis used to derive the method of computation of the internal force, and Section 5 will address this algorithmic treatment of the nonlinear stiffness operator. Section 6 will present some example problems demonstrating the software capabilities.
Beam Kinematics
The present formulation adopts an inertial referenceframe for describing the translational motions and a body-fixed frame for the rotational motions. The consequenceof this description is that the translational and rotational variablesembody information due to both rigid rotations and deformations of the beam. The configuration of the beam, as shown in Figure 1 , is completely characterizedusing a position vector locating the neutral axis of the beam from the inertial origin and a body-fixed frame representing the orientation of the cross-section with respect to the inertial reference frame. The position vector r locating an arbitrary particle point on the beam is thus described as In order to derive the necessarytime derivativesfor the description of the large rotation dynamics, we employ the well known formulaa3:
where w is the angular velocity vector and the superscripts e and b indicate that the derivatives are to be those observed in the inertial (space) and body (rotating) system of axes respectively. The above is expressed in the matrix form to act on the body frame components of a given vector
and the velocity and acceleration of the position vector (2.1) are 
Spatial
Beam Inertia Operator
The inertia operator was defined from (3.1) as
from which an expressioncan be derived directly from the kinematic equations (2.4) and (2.8). If the origin of the body-fixed basis is located at the centroid of the cross-section, the following simple expressionresults for 6FI: 
The symmetric portion of the transformed deformation gradient is used to define the virtual strain tensor 6_, k as
which is an objective tensor invariant to arbitrary rigid body motions. The internal force, written in terms of the convected frame tensors, will be expressed in vector format as In an analogous manner the total stress state is expressed as
to be obtained from a separate stress update procedure.
A substitution of (3.11) and (3.13)
into (3.10), and a spatial integration over a symmetric cross-sectional area results in the following expression for the internal force
where N. r represent the axial and transverse shear forces per unit length, and M_ represent the torsional and bending moments per unit length as given by
To be consistent with the inertia operator derived in (3.4), the above is written as
(3.16) which involves a transformation back to the body frame components of the virtual rotations and also an identification of the desired incremental strain-displacement matrix B. To effect the change of the body reference frame of the cross-section orientation in space with respect to the constant convected reference frame, we invoke the following relations: 
Js acts on the exterior surfacesof the beam as natural boundary conditions.
Finite Element Discretization
The the virtual work expression(3.2) of the unconstrained system is modified to account for the constraint via Lagrange'smultipliers A as37 
Explicit
Generalized Coordinate Integrator
The central difference explicit integration algorithm is written as 
The body frame components of the angular velocity tensor defined in (2.6) as The numerical solution to the abovecompanion differential equation is obtained as follows.
The constrained equations of motion (3.32) are integrated once from (3.20) using the implicit integration rule
This expression is substituted into (4.16) to obtain the stabilized differential equation for the Lagrange multipliers
The same integration rule is applied to this equation to result in the discrete update 
An approximation to be used in (5.7) that satisfies the constraint conditions in the discrete sense 
Computation of the Strain Increments
The strain increments are defined from the virtual strains (3.12) by replacing the variational operator 6 with an incremental operator/_ as such that _u and _ are finite analogs of the infinitesimal displacements and rotations 6u and 6/3. For computation purposes, it becomes necessary to decompose the convected frame components of the virtual rotations of the of the cross-section 6/3 into a rotation due to rigid body motion 6_ and that due to deformations 6r as
This relation is derived by substituting the following definitions
It is noted that 6a, 6¢2, and 6r represent moving frame or spatial components referred to the defining reference frame, whereas 6_ and 6Va represent material components referred back to the convected frame. From these definitions, the incremental strain _7 is given
representing the membrane strain and transverse shear strain increments. where AT"+½ is defined from
The computation was derived from the linear approximation 
containing solely a measure of stretch regardless of the magnitude of the rigid rotation. and Vu-Quoc2s. To reproduce theseresults with alternative methods as the substructuring technique21, a convergenceanalysis based on the selection of mode shapes must be performed.
The next examplesexhibit the combined large deformation and large rotation capabilities of the present formulation. In the first instance, the beam is pinned as above and is subjected to given initial velocity impulses exciting various deformation mode shapes under planar motion. The following material and geometric properties were usedin order to witness finite deformations: 
